A blocking enzyme-linked immunosorbent assay (ELISA), based upon a polyclonal rabbit antiserum specific to Actinobacillus pleuropneumoniae serotype 2, was developed for the detection of antibodies to A. pleuropneumoniae serotype 2 in pigs. By testing sera from pigs experimentally infected with the 11 recognized serotypes ofA. pleuropneumoniae, the assay was proven to be specific for A. pleuropneumoniae serotype 2. With field sera from herds infected with A. pleuropneumoniae serotype 2, the assay was found to be more sensitive than the complement fixation test. Positive results were not observed with field sera from herds known to be free from Actinobacillus infection or with sera from two herds infected with either A. pleuropneumoniae serotype 6 or 8. The high diagnostic sensitivity and specificity of the blocking ELISA will make it useful in field diagnostic work.
Actinobacillus pleuropneumoniae is the cause of a contagious pleuropneumonia in swine which has become a major problem in the swine industry throughout the world. The economic losses due to A. pleuropneumoniae infection are results of deaths caused by acute illness and of lowered production in chronically infected herds (11) . Until now, 12 serotypes have been recognized. The prevalence of the different types varies in different countries. Thus, in continental Europe and Japan, serotype 2 is the dominating serotype (2, 5, 8) , and in Canada the incidence of this type has increased in recent years (10) .
Serology has proven its value in the diagnosis of A. pleuropneumoniae infection in pigs and in the control of the disease. The complement fixation (CF) test has been a valuable tool in this context in various countries, but because of its technical complexity, the test is not appropriate for use in all diagnostic laboratories.
Work done in Switzerland and Canada (6, 12) has indicated a potential use for different indirect enzyme-linked immunosorbent assays (ELISAs) as alternatives to the CF test for detection of A. pleuropneumoniae infection. Thus, comparative analyses, based on sera from pigs infected with A. pleuropneumoniae, have shown good correlations between the results obtained with one of the indirect ELISAs and those obtained with the CF test (6) .
Several soluble antigen preparations of A. pleuropneumoniae have been used in a previously described indirect ELISA with variable results (6) . In the present study, the supernatant of heat-treated A. pleuropneumoniae serotype 2 cells was used as a coating material for the wells of the microtiter plates used for the blocking ELISA. Tween 20 and 1% bovine serum albumin (PBS+T+BSA). Plates were incubated for 1 h at room temperature and washed three times with PBS containing 0.05% Tween 20 (PBS+T). Sera were serially diluted (start dilution, 1:4) in PBS+T+BSA, and 50 RI of diluted serum was added to the wells, which were then incubated at room temperature for 1 h. Fifty microliters of rabbit antiserum to strain 4226 (RA 4226)) was then added to each well in an optimal dilution of 1:2,000 in PBS+T+BSA. After 0.5 h at room temperature, the plates were washed three times with PBS+T. After the wash, 50 ,u of peroxidase-conjugated swine anti-rabbit immunoglobulin (Dakopatt, Copenhagen, Denmark) diluted 1:1,000 in PBS +T+BSA was added to each well. After 1 h at room temperature, the plates were washed three times with PBS+T. Fifty microliters of an o-phenylendiamine-H202 substrate solution was added to the wells. The enzyme activity was stopped after 5 min with 0.5 M H2SO4, and the A490 was measured with an automatic photometer (Kontron SLT; Labinstruments, Zurich, Switzerland).
Each plate contained the following controls: (i) wells without pig test serum and RA 4226, (ii) wells in which pig test serum was replaced by PBS+T+BSA buffer, (iii) wells with a known negative serum sample, and (iv) wells with serotype 2 reference sera. The A490 for each sample was the average from duplicate wells. By interpolation the blocking titer of each test serum was calculated as the dilution resulting in a 50% reduction of the A490 obtained for the control in which serum was replaced by buffer. The relative absorbance of each test serum in a 1:4 dilution was calculated by dividing the mean A490 obtained for the serum with the mean A490 obtained for the negative control sera diluted 1:4.
CF test. Antibodies to A. pleuropneumoniae serotypes 2, 6, and 8 in swine sera were measured by the modified CF test (1, 7) . Test sera were heat treated at 60°C for 30 min. Normal, unheated serum from 8-week-old pigs free from A. pleuropneumoniae infection was used in a dilution of 1:150 in Veronal-buffered diluent as the reconstituting fluid for lyophilized guinea pig complement. Apart from this modification, the general procedure described in the Laboratory Branch Complement Fixation Method adapted to a microtechnique (1) was followed. Five 50% hemolytic units were used in the test, and the endpoint of serum titration was the highest dilution showing 30% hemolysis or less as compared with hemoglobin color standards (0 to 100% hemolysis).
Sera. The sera tested by the blocking ELISA originated from the following sources.
(i) Pigs experimentally infected with reference strains of A.
pleuropneumoniae. The 11 reference strains representing serotypes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 12 of A. pleuropneumoniae used for intranasal inoculation of pigs to provide reference immune sera were Shope 4074, S1536, S1421, M62, K17, Fem0, WF83, 405, 13261, D13039, and 8329, respectively. Eight-week-old specific pathogen-free (SPF) pigs were inoculated intranasally with 108 live organisms of an 18-h culture grown on enriched PPLO agar. Three weeks later the pigs were sacrificed and bled. Sera were stored at -20°C.
(ii) Pigs experimentally infected with the Danish serotype 2 strain 4226 of A. pleuropneumonuae. The serotype 2 strain 4226 of A. pleuropneumoniae originated from a Danish feeder pig with acute pleuropneumonia. Thirty-two 8-weekold SPF pigs were inoculated intranasally with 108 live organisms from an 18-h culture of strain 4226. Sera were collected at sacrifice 3 weeks later. All pigs had lung necroses at slaughter, and A. pleuropneumoniae serotype 2 was isolated from the necroses.
(iii) Pigs from a conventional herd without a history of pleuropneumonia. Forty-eight serum specimens were collected from 6-month-old pigs from a conventional breeding herd without a history of pleuropneumonia. At necropsy, pathological lesions were not observed and A. pleuropneumoniae was not isolated. The sera were negative in the CF test to all serotypes.
(iv) Pigs from two SPF herds. Eighty-three serum specimens were collected from breeding animals in two specimens collected from SPF herds free from infection with A. pleuropneumoniae both had mean relative absorbances of 100% ± 10% (Fig. 2) .
The specific detection of antibodies to A. pleuropneumoniae serotype 2 by the blocking ELISA was further sustained with field sera collected from pigs infected with either A. pleuropneumoniae serotype 6 or 8, since the relative absorbances of these sera were 100% ± 10%.
The 32 serum specimens collected from pigs experimentally infected with A. pleuropneumoniae serotype 2 were titrated and analyzed by both the CF test for detection of serotype 2 antibodies and the blocking ELISA. A good correlation was observed, but higher titers were observed in the ELISA for the weakly positive sera (Fig. 3) .
Of (4, 6, 12) , and none of them have used a blocking ELISA.
With the 50% cutoff level, the blocking ELISA with polyclonal rabbit antiserum as a detector allowed for a very specific test while maintaining a sensitivity which was higher than that of the CF test. No cross-reactions to other serotypes of A. pleuropneumoniae were seen.
The specificity and sensitivity of an ELISA using bacterial antigens depend on the quality of the antigen preparation. In two reports (6, 12) EDTA-treated antigen from A. pleuropneumoniae was used for coating wells of microtiter plates in indirect ELISAs. The sensitivity and specificity of these tests was claimed to be sufficient for use in commercial herds as an aid for determining the exposure of pigs to A. pleuropneumoniae. In comparative analyses of the CF test, the indirect ELISA using different antigen preparations, and a modified tube agglutination test performed in the presence of 2-mercaptoethanol, it was found that none of the tests was The favorable results obtained with the blocking ELISA described here may be due to the use of a heat-extracted antigen preparation which mainly contains important polysaccharide components in combination with a rabbit antiserum showing a high titer to these polysaccharides (9) .
The blocking ELISA is a realistic alternative to existing tests for monitoring herds for A. pleuropneumoniae infection as well as for eradication programs. It is therefore important that the high sensitivity and specificity found with the relatively low number of serum specimens in this study be documented with a large number of field samples.
